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With the rapid development of science and technology, Palladium(Pd) have been 
playing an important role in modern life, Palladium is widely used in a variety of 
application such as aerospace industry, automotive manufacturing, catalytic jewelry 
manufacturing and others.Meanwhile Nano-Palladium serves as an emerging 
nanoparticles ,which is widely used in modern industry and medical applications and 
so on. But with the increasing use of palladium, it is progressively accumulating in the 
environment, especially in aquatic ecosystem. In present people have little upstanding 
knowledge,about the toxicity of palladium, the potential toxicity of Pd has therefore 
caused extensive concern world widely. In the present study, we aimed to investigate 
the Pd-induced developmental toxicity and potential molecular mechanism by taking 
advantage of zebra fish model .The main results are as follows: 
(1) Sublethal effects of palladium ion and Nano-palladium on zebrafish embryos 
(2) Lethal effects of Nano-palladium on zebrafish embryos； 
(3) Explore the toxicological mechanisms of palladium (PdCl2) and different size 
nano-palladium on the zebra fish embryos. 
Our results indicated that when palladium (PdCl2) and nana-palladium 
suspending liquid high does exposition can suppress the zebrafish embryonic 
development, inhibit hatching rate, the exposed group juvenile fish body long reduces, 
the growth abnormal (such as cardiac malformation, yolk sac dropsy, pericardial 
edema, heart rate slow-down, the performance is a rear part/The dorsal chord is 
curving, aspect and so on melanin reduction), even lead to embryonic lethality. 
Moreover, we also found palladium (PdCl2) and nano-palladium was involved in 
regulation of gene expression through Real-time PCR. Similar to other metals, Pd 
exposure resulted in the elevated expression of general metal-inducible genes, 
down-regulated the expression of several antioxidant enzymes which reflects the 
increased production of reactive oxygen species. We also found mRNA expression 















molecular mechanism of Pd-induced cardiac malformation of zebra fish embryos. On 
the other hand, 80nm nano-palladium exposure resulted in up-regulated the 
expression of Box and Noxa of Bcl-2 family, which suggest a potential molecular 
mechanism of nano-palladium-induced apoptosis of zebra fish embryo. Taken 
together, our study investigated the effects of Pd on zebra fish embryonic 
development and its potential molecular mechanisms, paving the way for the full 
understanding of Pd toxicity. 
Key words: Palladium (PdCl2); Nana-palladium; embryonic toxicity; ROS; Sub lethal 





















































球由自然来源进入大气的重金属中, 铅仅占其向大气总释放量的 3%~5%左右, 
镉只有总释放量的 15% , 而铬、铜的比例比较高, 约分别为 59%和 44%[5]。1989
年中国有色冶金工业向环境中排放重金属 Cd 为 88 t、Hg 为 56 t、As 为 173 t、
Pb 为 226t。根据 2006 年的《海洋环境状况公报》，我国每年有 17t 汞和大约 150t
镉排入里海[6]。根据 2009 年中国食品安全高层论坛报告上的调查数据显示，我






















性作用及其机理则认识得还不够[7]。2 种或 2 种以上的化学物同时作用于生物体
时，往往会引起同单一毒物作用完全不同的毒性效应。Witzel[8]等研究表明，如
果 Cd、Zn 两种单元素共同污染，那么这两种元素均难以从土鳖（Porcellio 
scaber）体内排出而永久储存；Chen 等研究 Cd、Pb、Cu、Zn 和 As5 元素交互作
用时, 证明交互作用促进了 Cd、Pb、Zn 的活化, 而增加植物的吸收, 对 As 反而
有所抑制。以 Cd 为例: 共存元素对 Cd 的吸附和解吸均有影响, 例如 Pb、Zn 、
Cu 和 As 浓度增加有利于土壤 Cd 的解吸, 有 70%以上的吸附 Cd 可以被解吸下
来, 进入土壤溶液。当 Cd-Pb 交互作用时, Pb 可能会夺取 Cd 在土壤的吸附位而
提高土壤中 Cd 的有效性, 或者取代根中吸附的 Cd, 促进根中滞留的 Cd 的活性, 
而进一步向茎叶中迁移[9]。修瑞琴[10]等人通过探讨 As、Zn、Cd 三种金属离子对
斑马鱼的联合毒性作用发现 As 与 Cd 和 As 与 Zn 离子共存时的联合毒性表现为






Cd 的水体中 127d 后，实验发现 Cd 主要在肾脏和肝脏中积累，而肌肉中 Cd 的
积累在 106d 后才变得明显，并且研究发现 Cd 积累后在肌肉中清除速度较快，
但在肝脏、肾脏中却为见排除。例如 Paulami M[12]研究了 Cu、Zn、Cd、Pb 和
Cr 在尼罗罗非鱼在肌肉、鱼卵、肾脏、肝脏、鱼鳃和鱼鳍中的积累,研究表明 Pb































































2006 年的时候达到了 190 吨；另外一方面，钯的广泛应用引起了钯在生态环境
中的不断积累。一项长期的检测数据表明钯在道路尘土中的含量由 1994 年的 14 






度快很多[25]。钯在很多水生生态环境中的含量很高，例如钯在 Mölndal River 的



















































































图 1.1：金纳米材料用于 DNA 分子检测 
Fig1.1.Scheme of colorimetric detection based on the oligonucleotide-modified 
gold nanoparticles.  
除了 DNA 分子检测外，利用抗体-抗原的特异性识别作用诱导金纳米材料自
组装，实现对 h-IgG 的快速比色检测（~1min）。CTAB 稳定的金纳米棒用聚（苯
乙烯磺酸钠）（PSS）处理使其带上负电，进而吸附抗人 IgG，抗体（anti-h-IgG）
与 h-IgG 发生免疫识别作用，诱导金纳米棒颗粒聚集而导致 LSPR 变化，从而实
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